Abstract. We study the dynamical correlation effects in a one-dimensional Fermion gas with repulsive delta-function interaction within the quantum version of the self-consistent field approximation of Singwi, Tosi, Land, and Sjölander [Phys. Rev. 176, 589 (1968)]. The dynamic correlation effects are described by a frequency dependent local-field correction G(q, ω). There is a corresponding local-field factor J(q, ω) for the spin-density correlations. We investigate the structure factors, spin-dependent pair-correlation functions, the frequency dependences of G(q, ω) and J(q, ω), and the plasmon dispersion relation within this formalism. We compare our results with other theoretical approaches, in particular the static version of the self-consistent field approximation to highlight the importance of dynamical correlations.
Introduction
The model of an one-dimensional (1D) electron gas is of continuing interest because of its potential applicability to realistic systems such as semiconductor quantum wires, conducting organic materials, and newly discovered carbon tubules. Inasmuch as the long-range Coulomb forces influence and determine the ground-state and transport properties of these systems, the one-dimensional Fermi gas with a repulsive contact interaction also provides an useful paradigm. There are several reasons. Firstly, the exact solution for the ground-state energy has been given by Yang [1] within the Bethe ansatz approach and numerically calculated by Friesen and Bergersen [2] . Thus, various approximate methods may be checked against the exact results. Secondly, the simple form of the interaction (δ-function in real space) allows us to introduce approximate schemes which go beyond the mean-field as has been explored by Nagano and Singwi [3, 4] . The study of 1D electron gas with various interaction laws in different contexts has been thoroughly discussed in the literature [5] .
The correlation effects not fully described by the meanfield random-phase approximation (RPA) are accounted for within the concept of local-field corrections. The selfconsistent field method of Singwi et al. [6] . (STLS) treats the short-range correlation effects in charged quantum systems by taking into account the repulsion hole of each electron. The earlier work of Friesen and Bergersen [2] and the recent studies of Gold [7, 8] have shown that a e-mail: tanatar@fen.bilkent.edu.tr the STLS method applied to the 1D electron gas with δ-function interaction yields reasonable agreement with the exact ground-state energy up to intermediate coupling strengths.
In this work we apply the dynamical (or quantum) version of the STLS theory to the problem of 1D electron gas with short-range interaction and investigate the dynamical properties. There are several motivations to study the effects of dynamical correlations. In recent years the dynamical correlation effects have been recognized to play an important role in describing the many-body properties of electronic systems. Richardson and Ashcroft [9] have developed wave vector and frequency dependent local-field factors for a 3D electron gas using a variational approach to solve integral equations for the densitydensity and spin-density response functions. Takayagani and Lipparini [10] have solved the Bethe-Goldstone equation in the particle-hole channel to determine the effective interaction between the electrons. Among the possible occurrences where the dynamical correlations become important are the effective electron-electron interactions relevant for Coulomb interaction induced superconductivity, calculation of the plasmon lifetime, and exchangecorrelation potentials in the context of density-functional theory [11] . The dynamical version of the STLS approximation (qSTLS) has been mainly employed to study the correlation effects in charged quantum liquids interacting via long-range forces [12] [13] [14] [15] [16] [17] . The theory takes dynamical nature of the Pauli correlation hole into account and treats the Coulomb correlation hole at a static level [12, 15] . In the present problem the electrons interact with a short-range (contact) interaction and it is of interest to compare and contrast the results of the dynamic STLS theory with the other approaches. We find that there are significant differences in the ground-state correlation functions and the local-field corrections between the static and dynamic STLS methods.
The rest of this paper is organized as follows. In the next section we outline the qSTLS method in application to 1D electrons with short-range interactions. In Section 3 we present the results of our self-consistent calculations and discuss the differences between the static and qSTLS approximations. We conclude with a brief summary in Section 4.
Model and theory
We consider a system of electrons in 1D interacting via a contact potential V (r 1 , r 2 ) = V 0 δ(r 1 −r 2 ), where V 0 is the interaction strength. In terms of the electron mass m and the density of the particles n, we use the dimensionless parameter γ = mV 0 /n to characterize the strength of the coupling (we take = 1). The Fermi wave vector k F , is related to the linear density by n = 2k F /π. We calculate the correlation effects employing the self-consistent field approximation of Singwi et al. [6] . (STLS) generalized to include dynamic correlations [12] [13] [14] which introduces a local-field correction to the bare interaction V (q) arising from the short-range correlations between the electrons.
The derivation leading to the frequency-dependent local-field factor is similar to that in the static STLS approximation. The hierarchy of coupled equations satisfied by the Wigner distribution functions is truncated with the assumption that the two-particle Wigner distribution function may be written as a product of one-particle distribution functions and the pair-correlation function [12, 13] . The density-density response function without any loss of generality is given by
where χ 0 (q, ω) is the zero-temperature dynamic susceptibility of a non-interacting electron gas [18] evaluated on the imaginary frequency axis
in which ω ± = q 2 /2m ± qk F /m are the boundaries of particle-hole excitation region. Similarly, the spin-density response function can be written as
In the quantum version of the STLS approximation, V s eff (q, ω) and V a eff (q, ω) are, respectively, the spinsymmetric and spin-antisymmetric effective dynamic potentials. They are expressed as
and
